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WRITTEN DISCOURSE PERFORMANCE
Abstract
A blast injury (BI) is caused by a wave from a bomb which damages organs, specifically
the brain. Once soldiers/veterans have sustained a BI, they will most likely present with
a cognitive-communication deficit resulting from the traumatic brain injury. Language
related symptoms are most apparent in written language skills due to the high level of
cognitive function required for writing. This study investigated written discourse skills
following a BI. Written discourse samples were collected from four participants and four
controls. A description of the Butcher Picture from the Aphasia Diagnostic Profile was
analyzed for productivity, efficiency, and local and global coherence. The Stroop Test,
RB ANS, and FA VRES were used to assess cognitive skills. The first research question
examined if written discourse skills of college students with BI were different from
controls. Participants were less productive, used fewer words for each idea, and writing
received lower ratings for topic maintenance and logical progression of ideas when
compared to controls. While differences were not significant, group means for efficiency
(number of words per idea) and local coherence (logical progression of ideas) approached
significance. The second research question investigated the relationship between
cognitive test scores and written discourse measures. Spearman correlations were
computed for each discourse measure and cognitive measures. Significant correlations
were found between the FAVRES Time score and written productivity, the FAVRES
Rationale score and written efficiency and between the Stroop Time score and written
efficiency. Findings were then compared to previous research on the written discourse
skills of participants with nonblast related TBI' s and cognitive skills of individuals with a
BI. The current study was in agreement with previous research.
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Chapter I: Introduction
A

by a bomb exploding; the blast wave sent from it causes

lS

and underpressurization within fluid filled organs of the body
& Hodgson, 2005). The brain is one of the main organs

underpressurization from the blast (DePalma et al., 2005). A
wave causes

to occur within the axons of the brain that leads to mild
(rnTBI) and other injuries (Schultz, Cifu, McNamee, Nichols, &

11 ) .

are

types

injuries that can occur from a blast injury. These
tertiary, and quaternary. Over- and

HlJ

waves that affect fluid filled organs lead to a primary type of injury.
be affected by the blast waves are the lungs, eyes, auditory
gastrointestinal system, and the brain (Schultz et al., 2011 ).
the force of the blast causes objects to project through the
s

The severity of a secondary injury depends on how
blast (Schultz et al., 2011 ). Tertiary injuries are caused by

an

against an object due to the force of the blast. Last,
inhalation or exposure to chemicals, or inhalation of
on (Schultz et aL, 2011 ). The effects of a blast
of a traumatic brain injury (TEI). Secondary,
injuries have symptoms that are all similar to non' a primary blast injury is less understood and more
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to

lil

the symptoms relate to a non-blast TBI (Riesthal, 2009;

l l ).

most frequent contexts where blast related TBis are sustained is during
has become the most common injury among military personnel serving in
·Freedom (OIF) and Operation Enduring Freedom (OEF), which are now
(OND) (Luethcke, Bryan, Morrow, & Isler, 2011; Riesthal,
of the wounds and deaths obtained during OND
(French & Parkinson, 2008). Soldiers returning from war who

Vv'ere

sustai

present with a wide range of symptoms.
in assessing and treating soldiers with a blast related TBI is
undiagnosed or are delayed in being diagnosed. The variety of
in an individual with a blast related TBI make it difficult to
(RiesthaL 2009). Once a veteran is diagnosed with a blast

a team

aL

treat and provide therapy for the individual (Schultz et

i 1).
Evaluation (MACE) is administered to all soldiers

veterans
blast
concentrnuon,

in OND and includes an evaluation of a description of
immediate memory, vision, speech and motor
skills (Schultz et al., 2011 ). According to
is also used frequently to detect if an mTBI is
indicate if a TBI (blast related and non-blast related)

lS

these include:
or decreased level of consciousness
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2. Any loss of memory for events immediately before or following the injury

3. Any alteration in mental state at the time of the injury (e.g., confusion,
disorientation, slowed thinking)
4. Neurological deficits (e.g., weakness, balance disturbance, praxis,
paresis/plegia, change in vision, other sensory alterations, aphasia) that may
or may not be transient

5. Intracranial abnormalities (e.g., contusions, diffuse axonal injury,
hemorrhages, aneurysms) (French & Parkinson, 2008, p. 1005)

According to French and Parkinson, there are three categories of symptoms that are seen
in a patient with a TBI (blast related and non-blast related). The first category includes
the somatic or external body part symptoms (headache, sleep problems, vision issues,
fatigue, seizures, balance issues, and in severe cases, focal neurological deficits). The
second category includes attention problems, reduced processing speed, memory
dysfunction, poor executive function skills, and language problems. The third category
includes the emotional and behavior symptoms that are attributed to the TBI (depression,
anxiety, irritability, impulsivity, disinhibition, and occasionally mania or psychosis).
Auditory problems are another re-occurring symptom seen in blast related TBis because
the blast explosion typically causes the tympanic membrane of the ear to burst (Schultz et
al., 2011).

Specific cognitive symptoms that are seen in blast related TBis are the problems
that a speech-language pathologist (SLP) will treat. According to Roth, in 2007, an SLP
working at a VA hospital was referred an average of one veteran per week who had
sustained a blast injury. Seven months after this statistic, Roth found that this number
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increased to six referrals per week. An SLP will play an integral role in evaluating and
assessing cognitive skills of the veteran or soldier.
Two studies have been conducted that compare blast related TBI performance of
speed, flexibility, learning, and memory versus non-blast related TBI performance of
individuals. Both of the studies (Belanger, Kretzmer, Yoash-Gantz, Pickett, and Tupler,
2009; Luethcke et al., 2011 ), found that there were no significant differences between
speed, flexibility, learning, and memory after a blast related TBI versus a non-blast
related TBI. However, Luethcke et al. did find that "blast mTBis were more frequently
associated with hearing problems immediately following the injury" (p. 42).
Body and Perkins (2004) claimed that "the focus of research on communication
after TBI is now firmly fixed on discourse abilities" (p. 707). Discourse analysis is
important because subtle communication impairments can be detected (Mozeiko, Le,
Coelho, Krueger, & Grafman, 2011 ). Discourse is a unit of language that carries a
message, with the length of the message being determined by the communicative
function (Youse & Coelho, 2005). Narrative discourse includes story retelling, story
generation, picture description, and procedural description; whereas, conversational
discourse includes interactive conversation analysis (Youse & Coelho, 2005). Written
discourse analysis includes productivity, efficiency, and coherence (global and local)
(Wilson & Proctor, 2002).
Discourse analyses of persons with non-blast related TB Is have found that
impaired executive functioning and working memory (WM) are strongly related to oral
and written discourse performance. Individuals with non-blast related TBis exhibit
cognitive-communication deficits. Specifically, they display a lack of maintenance of a
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), disorganized language requiring more to be said in order to
lack of elaboration of ideas (efficiency), and lack of
coherence; Wilson & Proctor, 2000). Wilson and Proctor
and local coherence were the only significant measures
discourse of adolescents with and without closed head injury
more about a pictured stimulus than the controls and
connectedness between sentences" (p. 427).
of individuals with a TBI versus non-brain injured
efficiency, and local coherence. Productivity and
to executive functioning and working memory skills
Wilson and Proctor (2000) found that written discourse was
skills (executive functions and working memory), than the

et aL

11) claimed that it is critical for more research to be conducted
mTBis. There have only been two research studies that
of patients who experienced a blast injury versus patients
related TBI (Belanger et al., 2009; Luethcke et al., 2011).
analyzing communication skills after TBI,
veterans who have experienced blast injuries while
This study investigated the written discourse skills

S \VJ
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Chapter II: Literature Review

·~· .. ~···of

injury. A blast or explosion can cause many different types of

limb amputations, bums, fractures, nerve damage, vision and hearing
TBL The

seen
sent out

typically occurs is a mild form and is the most common

a blast (Riesthal, 2009). When a bomb explodes, the blast wave that is

overpressurization and underpressurization

a

& Hodgson, 2005). Schultz, Cifu, McNamee, Nichols, and

the overpressurization that occurs is when the gas from the
a wave of energy or positive pressure, often called the

3I I

which is then followed by the underpressure wave. This

\vave consists of a weaker, but three times longer lasting, pressure.
to DePalma et al., (2005 ), overpressurization and underpressurization

are

y referred to as barotraumas, which are physical changes to the body from

air or water

over- and underpressurization from the blast largely impacts
fluid filled organs and parts of the body. However, the

1:vllere an ·

was located compared to where the blast was set off

severe the symptoms from the blast may be (i.e., the farther away from the
occur, resulting in less damage to the individual;
et aL (20 l J) explained that the waves produced from blasts
environment
revcrberaticms

they are set off: if in a closed environment, the

occur can change the effects of the waves. Secondary

waves cause different types of injuries.
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Researchers have found that blast explosions lead to damage of the brain and are
one of the major causes of a mild form of a TBI (mTBI; Shultz et al., 2011 ). Blast waves
"cause axonal shear injury leading to diffuse axonal injury, edema, and hemorrhage"
within the brain (Schultz et al., 2011, p. 312). The over- and underpressurization waves
cause the shearing of the axons and the blast induced TBI.

Types of blast injuries. The different types of injuries that can occur from a
blast are primary, secondary, tertiary, and quaternary. A primary injury occurs from the
effects of the overpressure and underpressure waves. Organs within the body that are
fluid or air filled are the most susceptible to effects from these waves, with the brain
being one of the structures most affected. Other organs negatively impacted are the
lungs, eyes, auditory and vestibular systems (middle ear), and gastrointestinal system
(bowels). The most common brain injuries that occur from primary blast injuries are
diffused axonal injuries, contusions, and traumatic subdural hemorrhage (Schultz et al.,
2011 ).
Secondary injuries are when the force of the blast causes objects to be thrown and
these objects hit an individual's body. The severity of secondary injuries can depend on
how close the individual was to the blast (i.e., the closer an individual is to the blast, the
more severe the injury; Schultz et al., 2011 ). A tertiary injury is caused by a blast being
so powerful that it throws the individual through the air and they collide with an object
that causes an injury (e.g., thrown through the air and hitting a wall). The final type of
injury that can be caused by blasts is quaternary injury. These are general injuries that
are caused by explosions, such as burns, inhalation or exposure to chemicals (radiation),
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or inhalation of dust which can impair an individual's ability to breathe properly (Schultz
et al., 2011).
Blast injuries compared to TBI from other causes. According to Riesthal
(2009), secondary and tertiary blast related TBI symptoms are similar to non-blast related
TBis that are caused from accidents (e.g., a motor vehicle crash). The amount of force
that makes an object hit an individual, or an individual hit an object, causes wide spread
injuries throughout the brain that are similar to those seen in a blast injury. In addition,
the burns, chemical inhalation, or hypoxia from blast related TBis are similar to the same
injuries in non-blast related TBis. Researchers agree that primary blast related TBis are
less understood and more controversial, because of the lack of knowledge about the
context of how the injuries were sustained (Riesthal, 2009; Schultz et al, 2011). Blast
injuries are typically not reported immediately after they occur (Schultz et al., 2011 ). A
blast related TBI can occur in many different types of situations or contexts, but the most
common is war.
Statistics. It is estimated that 15-23% of military personnel returning from
Operation Iraqi Freedom (OIF) and Operation Enduring Freedom (OEF), which are now
called Operation New Dawn (OND), experienced a TBI (Luethcke, Bryan, Morrow, &
Isler, 20 l l; Schultz et al., 2011). mTBis are the most common and have become the
"signature injury" of soldiers serving in OND (Schultz et al., 2011 ). Among the many
wounds and deaths during OND, 80% were due to blast injuries (French & Parkinson,
2008). Burnam et al. (2008) estimated that 160,000-320,000 soldiers will return from the
war having sustained an mTBI.
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In all of U.S. military history, the military personnel of OND sustained the highest
ratio of wounded versus killed while fighting. Approximately 1 of every 4, or 25%, of
the injuries during the Persian Gulf, Vietnam, and Korean wars were fatal (Leuthcke et
al., 2011 ). However, it's been estimated that only 1 of every 10 or 10% of injuries
sustained during OND were fatal (Leuthcke et al., 2011). More soldiers are surviving
these blast injuries. The increase in the survival rate was due to better body armor and
medical techniques (Riesthal, 2009). Secondary to the increase in survival rates of these
soldiers with a blast injury, there has been an increase in the amount of soldiers who are
seeking treatment for their injuries. The Statistical Information Analysis Division
Department of Defense (SIAD, 2008) reported that 75% of the soldiers injured were
male, between the ages of 18-30 years, on active duty, and in the enlisted ranks.

Assessment and Treatment
Complications after blast injuries. Assessing and treating blast injuries is
complicated by several factors. Among these factors is the issue that a large number of
the soldiers who experience blast related TBis are also diagnosed with psychological
disorders (e.g., post-traumatic stress disorder [PTSD]). It is also common for soldiers
who have a blast related TBI to go undiagnosed because exposure to the blast went
unreported and early symptoms of the mTBI were untreated (Riesthal, 2009). The
assessment of soldiers who have been exposed to a blast is supposed to begin
immediately in the military field, which requires that the blast be reported. If this does
not happen, the rest of the assessment process is either delayed or never completed (Roth,
2012).
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The distance a soldier was from the blast is another complicating factor among
blast related TB Is. If the soldiers were a distance from the blast or the blast was not a
large one, then the soldiers were typically not evacuated from the military field and the
blast related TBis go undetected. When this occurs, it can be months or years after
exposure to the blast before soldiers are assessed and treated for their injuries (Schultz et
al., 2011).
When veterans are identified as being exposed to a blast, they are referred for
further assessment by a team of specialist in rehabilitation of TB Is.

This outpatient evaluation includes a complete history and physical examination,
assessment to determine ijfurther diagnostic testing is necessary, education of the
veteran and hislherfamily about the injury, consultation of the appropriate subspecialists, and development of a Interdisciplinary Treatment (IDT) plan (Schultz
et al., 2011, p. 311).

Areas of early assessment. Since the delay in blast related TB Is being assessed
and treated among veterans is so common, it is now required by the Veterans Health
Administration that all OND veterans be screened for blast related TBis after they leave
the military field. The Military Acute Concussion Evaluation (MACE) is administered in
the military field and includes a description of the event where a blast was sustained,
orientation, immediate memory, vision, speech and motor abilities, concentration, and
delayed recall abilities of the soldier (Schultz et al., 2011 ). Riesthal (2009) explained that
the Glasgow Coma Scale is also used to detect mTBI; those individuals who have had a
blast injury typically obtain a score of 13-15 on the assessment. When a blast related TBI
is obtained through polytrauma (individual has sustained multiple traumatic injuries),
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other factors can interfere with the assessment for blast related TBI. Among these
factors are being unaware or dazed at the scene of the blast, being concerned about their
bodies and not their cognition, and initial denial of any brain injuries by the unit.
Frequently, the soldiers have an unclear origin of the injury. Because of a large amount
of blood loss and pain, drugs immediately administered to soldiers may alter their mental
state. Brain scans may be negative after injury, resulting in rehabilitation focused
primarily on the soldier re-gaining ability from the loss of limbs (Roth, 2012).
French and Parkinson (2008) narrowed down the clinical signs that immediately
follow a TBI (blast related and non-blast related) to the following:
1.

Any period of loss of or a decreased level of consciousness

2. Any loss of memory for events immediately before or after the injury

3. Any alteration in mental state at the time of the injury (e.g., confusion,
disorientation, slowed thinking)
4. Neurological deficits (e.g., weakness, balance disturbance, praxis,
paresis/plegia, change in vision, other sensory alterations, aphasia) that may
or may not be transient
5.

Intracranial abnormalities (e.g., contusions, diffuse axonal injury,
hemorrhages, aneurysms) (p. 1005)

Areas of general assessment. During assessment, there are many symptoms that
can be displayed by soldiers and veterans who have sustained a blast related TBI. French
and Parkinson (2008) categorized symptoms of a TBI (blast related and non-blast related)
into three categories. Category one, the somatic (external body parts) symptoms, include
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vision issues, fatigue, seizures, vestibular (balance) problems,
m severe cases,

neurological deficits.
that arise from blast related TBis can impair vestibular
visual memory abilities (Schultz et al., 2011 ). Auditory
of blast injuries. It is very common for the tympanic
s who have experienced a blast injury to burst, consequently this
a blast injury occurred (Schultz et al., 20 l I).
is the second category. It includes attention problems,
. memory dysfunction, poor executive function skills, or

symptoms of a TBI includes emotional and behavioral
irritability, impulsivity, disinhibition, and

issues.

(French & Parkinson, 2008). A large difference between
versus TBis among non-military personnel is that, among
is an added difficulty of trying to treat the emotional, anxiety
, PTSD; French & Parkinson, 2008). Conflicting evidence
PTSD among blast related TBis. One study found more PTSD
veterans

blast related TBis versus veterans with non-blast related
another stated that there was not a difference between
TBis in regards to PTSD symptoms (Belanger et al.,

role of the speech-language pathologist. From
to

2007, a speech-language pathologist (SLP) working in a VA
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hospital was referred an average of one veteran per week who had obtained a blast related
TBI. Shortly after this statistic, from June 2007-November 2007, this number increased
to six referrals per week (Roth, 2007). Finding an individual's strengths and weaknesses,
learning how cognitive-communication impairments affect daily activities and routines,
and identifying the factors in the environment that may be negatively impacting
communication and participation are responsibilities of the SLP working with veterans
who have blast related TBis (Roth, 2007).
The overall symptoms and specific communicative deficits experienced by a
veteran with a blast related TBI are similar to a patient with a non-blast related TBI.
According to Riesthal (2009), Roth (2007, 2012), and Schultz et al. (2011 ), mild to
moderate cognitive deficits are present in OND blast related TBis. These cognitivecommunication deficits are summarized in Table 1.
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Table I
Cognitive and Communication Deficits in Patients with Blast-related TB/

Cognitive Deficits:

Communication Deficits:

Attention
Sustained
Complex
Divided
Processing
Concentration
Memory
Incidental
Working
Verbal
Abstract reasoning
Flexibility
Multi-tasking
Task automaticity
Story recall
New learning
Deductive thinking

Verbal fluency
Word-finding
Thought organization and verbal
expression
Pragmatics
Eye contact
Acknowledging
Responding
Turn taking
Organizing topic-comment
Referencing
Providing relevant versus redundant
information

Differences between blast injuries and TBI. Belanger et al. (2009) and
Luethcke et al. (2011) compared cognitive performance of soldiers and/or veterans who
experienced a blast related TBI versus individuals who had a non-blast related TBI.
Belanger et al. (2009) compared the cognitive ability of patients with blast related TBI to
the cognitive ability in a variety of severity levels of patients with non-blast related TBI.
Participants of the study were from a VA Medical Center and were either a returning
active or veteran from Afghanistan and Iraq. All had experienced their injury two years
before the assessment. Subjects were excluded if they demonstrated poor effort, had no
symptom validity, other neurological disorder, and/or experienced a TBI due to a
gunshot. TBI severity was determined by length of loss of consciousness (LOC) and
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amnesia (PTA). The TBI was categorized as mild if LOC was
and PT A was less than 24 hours. The Trail Making Test, Digit
subtest of the Wech!eser Adult lntelli;;e11ce Scale-Third Edition, Brief

Test-Revised, and California Verbal Learning Test-Second Edition
to

were

participants. Researchers found no significant differences

symptoms of speed/flexibility, digit symbol coding, total recall, and
blast related versus non-blast related TBI. However, they
the injury contributed to the severity of the cognitive
more severe the TBI, the poorer the patient's cognitive
et al., 2009).
11) conducted a study that focused on comparing cognitive
TBl to non-blast related mTBI symptoms. Participants of
personnel and civilian contractors that were referred to a TBI
Supported Hospital in Iraq. These individuals were referred after
directly from the military field or by a medical provider at the
was defined as '"normal structural imaging, loss of consciousness
of consciousness up to 24 hours, and posttraumatic
(Luethcke et al., 2011, p. 38).
l l)

injury mechanism based on interviews and

Participants' symptoms after a concussion (same symptoms
alteration

ana

consciousness. headache, dizziness,

concentration, irritability, vision, hearing, and sleep

di

ems) \Vere

in a self-report questionnaire and during a clinical interview.
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Cognitive skills of reaction time, learning, and memory were evaluated with the
Automated Neuropsychological Assessment Metrics (ANAM). Psychological symptoms

were analyzed according to three different self reports (PTSD Checklist-Military Version,
Behavioral Health Measure, and the Mood State Scale off of the ANAM). Insomnia was

measured with the Insomnia Severity Index and alertness was evaluated with the Sleep
Scale off of the ANAM.

Similar to the Belanger et al. (2009) study, Luethcke et al. (2011) found no
significant differences in cognitive performance (simple reaction time, procedural
reaction time, learning, working memory, delayed memory, and spatial memory) between
individuals with blast related TBI and non-blast related mTBI. The primary difference in
the Luethcke et al. study was that it measured soldiers' cognitive performance and other
symptoms within 72 hours of the injury. They also found that "blast mTBis were more
frequently associated with hearing problems immediately following the injury, as might
be expected due to barotraumas to the tympanic membrane" (Luethcke et al., p. 42).
Regardless of whether the soldier experienced a blast related TBI or a non-blast
related mTBI, there was a decrease in speed and accuracy of abilities from pre to post
injury. The decrease in accuracy for cognitive tasks was more related to the severity of
the injury than how it was obtained (blast or non-blast) (Luethcke et al., 2011). The fact
that there have only been two studies that compared patients with blast related TBI
(mainly consisting of military personnel) versus patients with non-blast related TBI,
shows that additional research is needed in this area.
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Skills in Non-blast related TBI
the impairments may be subtle, communication impairments have been
documented in the discourse of patients with TBI (non-blast related; Mozeiko

et aL,

L Body and Perkins (2004) claimed that "the focus of research on
after traumatic brain injury (TBI) is now firmly fixed on discourse
a term generally used to cover both conversational interaction and monologue"
is important because it is not uncommon for adults with TBI to
or near normal language skills on traditional tests. In reality, they display
in the "coherence, cohesion, and informational content
verbal production'' (Hough & Barrow, 2003, p. 184).
An

found that patients with TBI displayed reduced
trouble initiating and maintaining a conversation (Hough &
stency (coherence), organization (cohesion), and content for
displayed by patients with TBI were analyzed in patients who had
from motor vehicle accidents. All five of the participants displayed
of a topic in conversation, but limited deficits in word
did not find significant impairments in the ability of
language in conversation. The study concluded that
I di

difference in their semantic and pragmatic skills

) versus their

and phonology skills (microlinguistic) with
being more impaired than syntax and phonology.

(I

) noticed that patients with mTBI complained of word

trouble expressing their ideas clearly, but that traditional language

26

WRITTEN DISCOURSE PERFORMANCE
tests did not show any language deficits. In 1998, they conducted a study analyzing the
effects of an mTBI on oral discourse production. They predicted that the cognitive
deficits of attention, memory, sequencing, planning, and other executive functions
displayed in an mTBI would affect discourse production, specifically maintaining a topic
of conversation (macrolinguistic skills).
Patients with mTBI were compared to patients with moderate TBI and non-brain
injured patients in picture descriptions of social interactions. A significant difference was
noted in the discourse skills of patients with mild and moderate TBI versus non-brain
injured. The patients with TBI demonstrated difficulty sequencing the line drawing
pictures correctly and noticing details that were needed to explain the picture stories. In
conclusion, Tucker and Hanlon ( 1998) found that patients with mild and moderate TBI
displayed difficulty producing and expressing descriptive information of the stories and
generating implied meanings when compared to the patient's without brain injury.

Cognitive factors in discourse performance. Discourse performance depends
on several cognitive abilities working together to process, store, and manipulate
information (Youse & Coelho, 2005). "Disorganized discourse, imprecise language,
restricted output, and lack of initiation" can be caused from damage within the prefrontal
areas of the brain (Wilson & Proctor, 2000, p. 425). A function of the prefrontal area of
the brain is executive functioning, which is often impaired in patients after TBI. When
executive functioning is reduced, the patient may not organize words and ideas in a
logical manner. This can be seen in sentences not relating to other sentences (local
coherence) and a topic not being maintained (global coherence; Wilson & Proctor, 2000).
When discourse is affected after a TBI, a patient says more in order to get a point across

27

w

PERFORMANCE
there is a Jack of elaboration of ideas (increased efficiency)

requirement for executive functioning is working memory (WM)
\Vhich is one of the cognitive functions required for discourse
WM is "a limited capacity store that is capable of holding and
\Vhile performing a range of cognitive tasks (e.g.,
and learning) associated with that information'' (Youse &
WM is reduced after TBI, the speed and efficiency of

is severe! y impacted, along with the efficiency and
language (Youse & Coelho, 2005). Youse and Coelho (2005)
scores on tests

WM for patients with TBI related to better discourse

that written and oral discourse performances differed from
with TBis (Wilson & Proctor, 2000). Patients with TBis
injured patients in both their oral and written discourse samples.
to cognitive-linguistic severity and whether a TBI was
performance differed by the executive functioning
a TBI was present (Wilson & Proctor, 2000).
"Writing requires deeper, more meaningful processing than
of writing and speaking vary as a function of time,
di

arnount
111

Proctor, 2002, p. 1012). Writing requires a significant
and does not have the contextual cues that are present
Wilson and Proctor (2002) analyzed written
TBl by evaluating their productivity, efficiency,
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and ellipsis), coherence (global and local), and mazes
showed that adolescents with a TBI "used fewer words to
and the relationship between successive ideas was rated as
non-brain injured individuals" (Wilson & Proctor, 2002, p. 1011).

) stated that "very little is known about the cognitive
injuries in humans" (p. 2). The only other study that has
patients with non-blast related TBI patients was Luethcke et
claimed that "it is critical that more research is conducted
mTBis'' (p. 37). Research of Hough and Barrow (2003) and
(l

) suggested that a discourse analysis is one of the most

assessments to

with patients who have TBI. This study investigated

of veterans with blast related TBI. The following research questions
Vv'ere

I.

skills

college students after blast injury differ from that of

· ls of college students after blast injury vary according to
scores':1
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Chapter III: Method
study was to evaluate the written discourse abilities of persons
related TBI. This chapter will discuss participants for the
for written discourse analysis, procedures used for
measures, and reliability. The Institutional Review
Illinois University approval for this study is in Appendix A.

were students enrolled at Eastern Illinois University (EIU) and
vvere

Student Military Assistance Center at EIU. Participants were
consent prior to assessment (Appendix B ). The participants

and

a medical/demographic form. A sample of the
(Appendix C).
background (SES) was determined by the mother's educational
& A stone, 1994 ). Mother's educational level was determined by
or a college program. Participants and controls were excluded
a hi

a language disorder. learning disability, reading

disorders, or previous documented TBis. Participants were
documented blast injury or listed three of five symptoms
symptoms included temporary loss of memory for

events ·

exposure to blast, temporary loss of consciousness
in mental state (e.g., confusion, disorientation. slowed
neurological changes (e.g .. weakness, balance,
or intracranial abnormalities (e.g., contusions,
aneurysms).
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Four participants with a medically documented blast injury or who exhibited three
of the five symptoms of a blast injury participated in this study. The time post injury for
participants was four to seven years. Participant's mother's education background ranged
from completion of high school to completion of college. The age of participants ranged
from 26-35 years (mean age=29.5, SD= 3.87) and included three males and one female.
All participants were native English speakers; three were right handed and one was left
handed. Demographic information on participants is provided in Table 2.
Four controls were recruited from EIU through advertisement of the research
study with the Student Military Assistance Center at EIU. The controls were matched to
the participants with a blast related TBI according to gender, age, and socioeconomic
status. Controls mother's education background ranged from completion of high school
to completion of college. The age of controls ranged from 23-31 years (mean age=25.5;
SD= 3.70) and included three males and one female. Ages of the participants and
controls were not significantly different when compared with Kruskal-Wallis Test (x 2 =
2.108, df= 1, p= .146). All controls were native English speakers and right handed.
Individual characteristics of the controls are summarized in Table 2.
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However, three MRI' s were conducted secondary to frequent migraines and a small spot
found on the brain. The participant chose not to take any further steps to diagnose and
treat medical issues because of the desire to reenlist. The participant reported
experiencing significant hearing loss, muscle weakness, balance disturbances, dizziness,
headaches/migraines, and slowed thinking after the mTBI was obtained.
Participant 2 was also able to recall the exact date and situation that the mTBI was
obtained. After the mTBI, the participant experienced hearing loss, ear infections, and
headaches. A brain imaging study was also conducted. The participant was not
hospitalized after the mTBI occurred. The participant was referred to visit a "person for
the hearing loss". However, the participant was not aware of who the professional was
that he needed to see and was not given any further information from the military on how
to treat the hearing loss. The military did require that the participant receive therapy
upon returning from deployments. The type of therapy that was provided was not
specified.
Participant 3 recalled the date and situation that the mTBI occurred. However,
the participant was unable to recall any other symptoms from the mTBI besides hearing
loss and confusion immediately after the blast. No testing, referrals, or hospitalization
were made by the military. Participant 3 did not have an official diagnosis of an mTBI,
but because the participant displayed a neurological change, mental state change, and
experienced a blast, participation in this study was allowed.
Participant 4 recalled the date and situation that the mTBI was obtained. An
official mTBI diagnosis was made and the participant was hospitalized for four weeks
after the mTBI. After the mTBI occurred, the participant experienced hearing loss, vision
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loss, loss of memory of events, loss of consciousness, disorientation, and headaches. A
brain imaging study was also conducted; however, the results were not explained to the
researcher. Despite the participant's extensive list of symptoms and four week
hospitalized stay after the mTBI occurred, the participant was given full return to duty
recommendations.
Overall, each participant reported hearing loss after the mTBI. Three of the four
participants had a medical diagnosis of an mTBI and received a brain imaging study.
Only one was hospitalized and only one was provided with treatment after the mTBI
occurred. Two of the participants were provided with medical referrals, however, neither
of them followed through on these referrals. A table describing injury information that
each participant described is located in Appendix D.
Hearing, Motor, Vision Screening
Motor, hearing screenings, tympanogram, and vision screenings were completed
at the onset of the study. The hearing screening included an audiological screening at
500 Hz, 1000 Hz, 2000 Hz, 3000 Hz, and 4000 Hz at 20 dB bilaterally. A tympanogram
was used to evaluate the middle ear muscle reflex and to identify any tympanic
membrane or middle ear abnormalities. Adequate vision was determined by accurate
naming of images within the stimulus picture. Motor skills were assessed based on
legibility of writing. Results from the motor and vision screening were judged to be
within functional limits for participants and controls. Results of the hearing screenings
are summarized in Appendix E.
Tympanometry was conducted to assess middle ear function. Volume, pressure,
and compliance measures were recorded for each ear on all participants. Ear canal
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volume is the measurement of air volume between the probe in the ear canal and the
tympanic membrane. Normal volume results for an adults ranges from 0.9-2.0 ml.
Abnormal volume results are indicative of a possible pathology of the tympanic
membrane or blockage of the ear canal. Middle ear pressure is the pressure in the middle
ear cavity compared to the atmosphere pressure in the external auditory canal and is
. measured by assessing the movement of the tympanic membrane. Typical pressure
measures are between +50 to -150 daPa. Abnormal pressure may be indicative of a
middle ear pathology. Compliance of the middle ear system is measured through the
degree of movement of the tympanic membrane. Typically, compliance for adults is 0.31. 7 ml. Abnormal compliance measures may also be indicative of a middle ear
pathology.
Results of the tympanometry indicated unilateral negative pressure for
Participants 2 and 3, and unilateral abnormal compliance for Participant 1. Control 2
showed bilateral abnormal compliance. Participants 2 and 4 failed the hearing screening,
as well as Control 3. Results of hearing screening and tympanometry are provided in
Appendix E.

Testing
Cognitive skills of participants and controls were evaluated with the Stroop Test:
Victoria Version (Regard, 1981 ), the Repeatable Battery.for the Assessment of
Neuropsychological Status (RBANS, Randolph, 1998), and the Functional Assessment of
Verbal Reasoning and Executive Strategies (FAVRES, MacDonald, 2005).

The Stroop Test (Regard, 1981) was administered to assess selective attention.
The norming population consisted of adults (ages 20-80+ years) with average intellectual
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tesl took approximately five minutes to administer. The three tasks given
dots, naming colors of common words, and naming colors that
word (e.g., the word "red" printed in blue ink). Data
to complete the task and number of errors.
visuospatial/constructional, and immediate and delayed
with the RBANS (Randolph, 1998). The test took
minutes to administer. It was normed on adults, ages 20-89 years
a TBL Scoring included a total score, consisting of sum of the scores

test was administered to analyze verbal reasoning and executive
and weaknesses in approaching a complex
use

compensatory strategies, and the individual's recognition of
). The norming population for the FA VRES consisted of a
a brain injury and a group who had experienced a brain

con I

look approximately 60 minutes.

Procedures-Dependent Variable
narrative was collected from aJJ participants. Each narrative
on

in ink pen. Discourse tasks were elicited using a picture

The
to el
\.\/ ClS

an

picture of the Aphasia Diagnostic Profile (Helmthe picture description narrative (Appendix F). This
interpretation is required.
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limit was placed on elicitation of the discourse task. One verbal cue,
was used to encourage expansion if less than four sentences
\\.1ere

samples were typed and analyzed according to procedures
Proctor (2002).

procedures. The discourse narratives were transcribed by the
exam mer

divided into communication units (ClJs). A communication unit is an
its modifiers. When compound sentences were used in a
was divided at the coordinating conjunction.
measures, Each sample was analyzed by the examiner for
local and global coherence. Productivity was measured and
of ClJs in each writing sample. Efficiency was measured by
words per sample by the number of CUs in the same sample;
communication unit (MLCU).
collected \Vere rated according to the measures of global
coherence (LC). GC was rated on a five-point scale (Wilson,
relationship of each CU to the topic of the narrative. Generally,
were related to the topic of that sample, then the GC rating
of GC were as follows : 5) Ideas form integrated story
~ 4)

; l)

One CU strays from topic: 2) Two ClJs stray
y

Refer to Table 3 for the five-point scale that was used

!o rate

was
&

on a five-point scale and compared the relationships of consecutive
or, 2000). Generally, if the preceding or following CUs of the CU
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related, then the LC rating was five (coherent). Ratings of

H1

5) Ideas follow logical progression; 4) Each CU is

or following CU; 3) One CU is not related to the preceding of
s are not related to the preceding or following CU; 1) More

; 2) Two

to rate LC.

was

Assessment

Coherence
integrated story about topic
are on topic
from topic
from topic
I-Generally off-topic

logical progress10n
4- Each

is related to the preceding or following CU
is not related to the preceding or following CU
are not related to the preceding or following CU
are not related to the preceding or following CU

ore:
-~-··-···-----·------~----------------------------

comparisons, a Kruskal-Wallis Test was used.
correlations were calculated to determine the
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Chapter IV: Results
The major focus of this research was to describe the written discourse of a group
of college students with a blast related mild traumatic brain injury (mTBI) as compared
with the written discourse of college student controls. Using the same visual stimulus
and generation of a story about a picture, a discourse sample was elicited. In addition,
attention, language, visuospatial/constructional, immediate and delayed recall skills,
verbal reasoning, and executive functioning performances of participants and controls
were considered in analyzing discourse.

Quantitative Analyses
The first research question evaluated if written discourse skills of college students
with a blast related mTBI differed from that of controls. Comparisons were made using
the measures of productivity, efficiency, and coherence (local and global). This question
attempted to identify a pattern in written discourse after a blast related TBI.
The second question investigated whether cognitive scores were associated with
written discourse skills of college students who had sustained a blast related TBI.
Specific cognitive skills that were analyzed included attention, language,
visuospatial/constructional, immediate and delayed recall skills, verbal reasoning, and
executive functioning. This question attempted to determine important relationships
between cognitive skills and written discourse performance after a blast related TBI.

Relationship of Written Discourse to Blast Related TBI
The first research question analyzed if the written discourse of college students
with a blast related TBI differed from those of controls on measures of productivity
(number of CUs), efficiency (words per CU), local coherence, and global coherence. The
performance of participants with blast related TBI and controls was compared by
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Test comparing the group means on the above measures for
A significance level of <.05 was used. The following results
·were
The written productivity of participants was less than that of
mean number of CUs produced by participants was 6.75 (range= 4-1 I,
to a mean of 10 (range= 6- I 5, SD= 4.24) for controls suggesting
wrote more about the picture. However, this difference was not
2.19,

1.p=.14). ResultsarepresentedinTab1e4.

Written Discourse for Participants and Controls

6.

Note:

SD

x2

4-11

2.99

2.19

6-15

4.24

df

12

.14

unit; SD= Standard Deviation.

In

written discourse task, participants were more efficient
than controls. The mean MLCU of participants was
compared to a mean of 16.25 (range= 13.93-20,

1'
I

I"

that the control group used more words to express each
significance (x 2 = 3.0, df= l, p= .08). Results can be

T

5.
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during Written Discourse for Participants and Controls

MLCU
---

s

SD

x2
3.0

11.29

8.73-15.33

2.89

16.25

13.93-20

2.90

df

p

.08

of communication unit in words; SD= Standard Deviation.

lf =

coherence. In the

tten discourse task, participants received lower

controls. The mean local coherence rating for participants
compared to the control mean of 4.75 (range= 4-5;
approached significance (x 2= 2.90, df= 1, p= .09). The ideas
progressed more logically than those of participants. Results
are

in Table 6.

6

Written Discourse for Participants and Controls

J.

SD

x2

L26

2.90

df

12

.09

0.50
Note: SD==

was rated on a scale

. with 5

DISCOURSE PERFORMANCE

43

coherence. In the written discourse task, participants received lower
than controls. The mean global coherence rating for
was 4.25 (range= 3-5; SD= 0.96) compared to the controls mean of 5.0
0.00). Controls maintained topic when writing to a greater degree than

, the difference was not significant (x 2== 2.29, df= 1, p= .13). Results
in Table 7.

are
7
I

during Written Discourse.for Participants and

SD

x2

3-5

0.96

2.29

5

0.00

df

12

.13

Deviation. Global coherence was rated on a scale of 1-5, with 5

~-.-----·~·,-----------------------------

differences were not significant for any discourse measure,
tended to write less (productivity) and use fewer words to
). Ratings of topic maintenance (global coherence) and
coherence) in writing were also lower for participants.
for
'"'...,,,,._.,"',and SES.

participants and controls can be found in Appendix G.
relationship between productivity, efficiency, local
age, SES, and gender were analyzed using
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Spearman correlations. A relationship was significant if it was below .05; however, none
of the results were significant.
Subjects were between 20-39 years old. Gender was coded one for male (eight
subjects) and two for female (two subjects). SES was coded one for those whose mothers
had a high school education (four subjects) and two for subjects whose mother obtained a
college degree (four subjects). Age, gender, and SES did not play a significant role in
written discourse performance. Relationships between age, gender, SES, and discourse
measures are listed in Table 8.
Table 8
Relationships between Discourse Measures and Age, Gender, and SES

Productivity
r -.23
p .58

Efficiency
[_ -.30
p .47

LC
r -.48
p .23

GC
r -.60
p .20

Gender

r -.13
p .76

r -.25
p .55

r .20
p .63

r .41
p .31

SES

r -.22
p .60

r .22
p .60

r -.18
p .68

r -.07
p .87

Age

Note: LC=Local coherence; GC= Global coherence; SES= Socioeconomic status; HS=
High school; C= College; r= correlation coefficient; p= significance (< .05).

Test Scores and Discourse Performance
The second research question investigated if written discourse skills varied
according to cognitive factors. The assessments administered were the Stroop Test,
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of Neuropsvchological Status (RBANS), and the
Verbal Reasoning and Executive Strategies (FAVRES).

are expected after a bl.ast related TBI is sustained (Riesthal, 2009;
12: Schultz, Cifu, McNamee, Nichols, & Came, 2011). The cognitive
are important contributors to written discourse performance (Wilson &
2002; Youse & Coelho, 2005).

Scores on each test

Kruskal-Wallis Test to determine which group
differences

means

.05).

on Testing
(Regard. 1981) assessed selective attention. Two scores

no

on

seconds for interference and errors. However,

or

errors, therefore, this score was not reported. The mean
participants was 23.75 (range= 22-26; SD= 1.71)

to

mean score

a

lime score on the Stroop Test indicated better performance than a high
di

controls of 19.00 (range= 18-20; SD= 0.82). It should be

vvas significant (x 2 = 5.40, df= 1, p= .02), with controls
more quickly. Results are summarized in Table 9.
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9

Participants and Controls

Mean Time

SD

x2

5.40

.75

22-26

1.71

19.00

18-20

0.82

df

p

.02*

Deviation; *=significant at <.05.

The RBANS was used to assess attention, language,
. and immediate and delayed recall skills (Randolph, 1998). A

VJ

115 on the RBANS is within normal limits. The mean score
(range- 69-90; SD- 9.91 ), which was lower than the control
mean score

(range- 86-102; SD- 7.19). The participant average score of 83.75
le the control mean score of 92.50 was within normal limits.

V/3S

between the participants and controls was not significant (x 2 =
l,p=

of the RB ANS are summarized in Table J 0.

The

and Cmurols

SD

x2

69-90

9.91

.75

86-102

7.19

Mean Ratings

ation; *=significant at <.05.

df

p
.39
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reasoning and executive functioning skills and how they are
a complex communication task were assessed with the FA VRES
Four scores were used; Accuracy, Rationale, Time, and Reasoning.
to standard scores (85-115 was within normal limits).

scores were

score measured whether the subjects chose the best
The average Accuracy score of participants was 65 (range- 60-70:
was

normal limits. The average Accuracy score for controls was

111;

21

which was within normal limits. The difference was

df= l,p= .14).

not

Rationale score measured the subject's justification for the
a

The mean Rationale score of participants was 64

. 15), which was below the normal range and the mean score of

111; SD- 21.52). The difference between groups was not
df= l,p= .11).
Time score measured how long it took the subject to solve the
score for participants was 118 (range- 105-126; SD- 10.10),
range. The mean Time score for controls was I 08 (rangewithin the normal limits. Group differences were not
L p= .30).
score measured the subject's recall of details related
relevant and irrelevant details, flexibility of the

to

divergent thinking, and prediction of positive and negative
to

The mean score for participants was 85.75 (range- 76-90; SD-
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6.65), which was within normal limits. The mean score for controls was 84.75 (range76-93; SD- 7.14), which approached normal limits (x 2= .09, df= I, p= .77). Table 11
provides subtest scores for the FA VRES.
Table 11
FA VRES Scores for Participants and Controls

Group

Mean Ratings

Range

SD

xz

2.22

.14

2.55

.11

1.09

.30

0.09

.77

df

Accuracy
Participants

65

60-70

5.77

Controls

85.75

60-111

21.22

Participants

64

39-89

25.15

Controls

89.25

60-111

21.52

Participants

118

105-126

10.10

Controls

108

94-126

13.29

Participants

85.75

76-90

6.65

Controls

84.75

76-93

7.14

Rationale

Time

Reasoning

Note: SD= Standard Deviation; *=significant at <.05.

The only test score that differentiated participant and control groups was the
Stroop Time score for the interference task, with participants taking significantly longer
to complete the task. Cognitive skills assessed by the RBANS were similar for both
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groups. Mean group scores on the FAVRES for Accuracy and Rationale were lower for
participants than for controls, but scores for Time and Reasoning subtests were similar
for both groups. No group differences were significant (<.05). Test scores for all
participants and controls can be found in Appendix H.
The relationship between cognitive skills and discourse performance.
Spearman correlations were calculated to determine the relationships between cognitive
scores and discourse measures. For correlations, participant and control groups were
combined. A significance level of <.05 was used.

Cognitive skills and productivity. The correlation coefficient for the Stroop time
score and productivity was -.25 (p=.56). As time to complete the interference task
increased, written productivity decreased. Productivity correlated to the RBANS at the
.54 (p=.17) level. There was a moderate, positive relationship between written
productivity and the RBANS score. The FA VRES score for Accuracy correlated to
productivity at the .55 (p=.16) level, to the FA VRES Rationale score at the -.03 (p=.16)
level, and FA VRES Reasoning score at the -.03 (p=.95) level. The only significant
relationship was between the FA VRES Time score and written productivity at -.87
(p=.01). As the time taken to complete tasks on the FAVRES increased, productivity in
writing decreased. Correlations between cognitive skills and productivity are shown in
Table 12.
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p-Value

-.25

.56

.54

'17
.16

F Accuracy
F

-.03
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Table 13
The Relationship between Cognitive Skills and Efficiency

Measure

Correlation Coefficient

p-Value

Stroop Time Score

-.91

.002*

RB ANS

.33

.42

F Accuracy

.36

.39

F Rationale

.79

.02*

FTime

-.04

.93

F Reasoning

-.10

.82

Note: F=FAVRES Test; *=significant at <0.05 (2-tailed).

Cognitive skills and local coherence. The correlation coefficient for the Stroop
time score and LC was -.26 (p=.54). This low negative correlation showed that there was
not a strong relationship between time taken to complete the interference task and LC in
writing. The correlation coefficient for LC and the RB ANS was .22 (p=.61 ), a low
positive correlation. The FA VRES Accuracy measure and LC was .17 (p=.70), the
FAVRES Rationale score was .10 (p=.81), FAVRES Time score was -.47 (p=.24), and
the FA VRES Reasoning score was -.30 (p=.47). None of the correlations were
significant. The FA VRES time score showed a moderate, negative correlation with LC
in writing. The negative correlation showed that as time to complete the FAVRES tasks
increased, logical progression of ideas in writing decreased. Results are listed in Table
14.
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Skills and Local Coherence

Correlation Coefficient
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p-Value
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logical progression of ideas in writing as compared to controls. Correlations showed that
age, gender, and SES were not significantly related to discourse performance in writing.
The only test score that differentiated participant and control groups was the Stroop Time
score for the interference task, with participants taking significantly longer to complete
the task.
The second question explored if written discourse skills varied according to
cognitive factors. When comparing test performance, the only test score that
differentiated participant and control groups was the Stroop Time score for the
interference task, with participants taking significantly longer to complete the task.
Correlations were used to determine the relationships between discourse measures
and cognitive test scores. Significant negative correlations between the FAVRES Time
score and productivity and the Stroop interference task Time score and efficiency
indicated that as time to complete the tasks increased, fewer ideas were expressed in
writing (reduced productivity) and fewer words were used to express each idea (increased
efficiency). A significant positive correlation between the FAVRES Rationale score and
efficiency indicated that higher rationale scores were associated with using more words to
express each idea in writing (decreased efficiency).
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Chapter V: Discussion
The population of student veterans with a blast injury is important to research
because the majority of veterans returning from recent wars in the Middle East have
sustained a blast related TBI (mTBI). Additionally, because of the new Post 9/11 G.I.
Bill (Chapter 33 ), veterans are attending colleges and universities to attain a degree,
which requires competence in written assignments to complete their coursework.
Therefore, investigating written discourse skills in student veterans with a blast injury is
an important area of inquiry.
This study compared the written discourse skills of college students with and
without an mTBI, and looked at the relationships between cognitive test scores and
discourse measures. Several studies have investigated written discourse skills of adults
with a traumatic brain injury (TBI). However, this is the first study that focused on
written discourse skills of student veterans with an mTBI.
The first area evaluated was a comparison of written discourse skills on the
measures of productivity, efficiency, local coherence, and global coherence. It was found
that student veterans with an mTBI were less productive (wrote less about the picture
stimuli) and more efficient (used fewer words to express ideas). Additionally, they
received lower local and global coherence ratings, indicating that their writing lacked a
logical progression of ideas and that maintenance of the topic was poorer when compared
to controls. However, the reduced written discourse measures of student veterans with an
mTBI were not found to be at a statistically significant level, even though measures of
efficiency and local coherence of writing approached significance.
Previous research by Wilson and Proctor (2002) found that individuals with a TBI
demonstrated significantly increased written efficiency (used fewer words to express each
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idea) and reduced local coherence (reduced logical progression of ideas) when compared
to controls. Findings for the written discourse of participants with an mTBI in the
current study, and the findings of Wilson and Proctor (2002) for participants with TBI,
both indicated that efficiency and local coherence were important in distinguishing the
writing of persons with brain injury. Treatment strategies for writing need to focus on
developing ideas and presenting them in a logical order. No studies have been reported
that assessed the written discourse of participants with an mTBI, but reduced thought
organization and verbal expression were reported as communication problems following
a blast injury (Riesthal, 2009; Roth, 2007, 2012; & Schultz, et al., 2011).
The second research question investigated the relationships between cognitive
skills and discourse performance. The first part of the question looked at the differences
in test scores between participants with an mTBI and control subjects. The second part of
the question combined participants and controls to investigate the relationships between
cognitive skills and discourse performance. Group test score means for the RBANS,
FAVRES Accuracy, and FAVRES Rationale were lower for the mTBI group, and group
mean times for mTBI group were slower for the Stroop interference task and the
FA VRES Time score. The only significant difference found between test scores for the
two groups was the Stroop interference task time. Participants with an mTBI took longer
to complete the task, but accuracy for the two groups was similar.
Belanger et al. (2009) compared cognitive performance of participants with an
mTBI to those with a non-blast related TBI and found that the severity of cognitive
symptoms among veterans depended upon the severity of the TBI, not the mechanism of
the injury. Belanger et al. (2009) reported the severity of a TBI based on a self-report,
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loss of consciousness, and length of posttraumatic amnesia. Within the current study, an
mTBI was determined from the participant's self-report of cognitive symptoms on the
medical/demographic form. Participants with an mTBI reported more cognitive deficits
on the demographic form than controls. Participants one and four reported the highest
number of cognitive symptoms, and both scored lower on the Stroop interference task
time than participants two and three. The results from Belanger et al. (2009) agreed with
the findings of the current study; individuals with a TBI exhibited cognitive deficits and
the severity of the mTBI related to the severity of cognitive symptoms.
Luethcke et al. (2011) also found that the severity of cognitive symptoms
depended upon the severity of the TBI, not injury type. Findings of the current study
agreed with the findings from Belanger et al. (2009). Additionally, Luethcke et al. (2011)
found that there was a significant decrease in speed after a brain injury (mTBI and nonblast related) when compared to pre-deployment baseline levels. However, after a brain
injury, there were no significant differences in accuracy of performance when compared
to pre-deployment baselines. Luethcke et al.' s (2011) finding is in agreement with results
of the current study, which indicated that subjects with an mTBI performed slower on the

Stroop interference task than controls, but that they maintained accuracy.
The second part of question two examined the relationships between cognitive
skills and discourse performance. Spearman correlations were computed between
performance on discourse measures and test scores. Cognitive skills of individuals with a
blast injury have been analyzed in numerous studies, but this was the first study to
investigate the relationships between discourse and cognitive skills in this population.
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During this study, significant negative correlations were found between the
FA VRES Time score and written productivity and the Stroop Test score and written
efficiency. Additionally, a significant positive correlation was found between the
FAVRES Rationale score and written efficiency. Higher time completion scores on the
FAVRES were associated with writing fewer ideas (decreased productivity). Longer
times to complete the Stroop interference task were associated with the use of fewer
words to express each idea (increased efficiency), while higher FAVRES Rationale
scores were associated with using more words to express each idea (decreased
efficiency).

Summary of Significant Findings
Previous research by Wilson and Proctor (2000) on discourse skills after a TBI
revealed that written discourse performance was more related to cognitive skills
displayed by an individual, rather than if a TBI was present. Their findings were that
better cognitive skills of working memory and executive functioning related to better
written discourse performance. This finding was similar to research by Youse and
Coelho (2005) who found that written discourse performance depended on working
memory skills, i.e., higher measures of working memory were associated with better
discourse abilities. Overall, previous research indicated that the ability to hold and
manipulate information, or working memory skills, were crucial to discourse
performance.
In this study, working memory was required during the Stroop interference task
time, and the FA VRES Accuracy, Time, and Rationale measures. During the Stroop
task, participants needed to remember the instruction of the task and inhibit themselves
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from giving an automatic response. The FA VRES tests consisted of holding key
information that was verbally and visually presented and the manipulation of it to solve
functional problems.
In the few studies that have assessed cognitive skills of veterans after an mTBI, it
was found that the severity of the symptoms depended upon the severity of the mTBI
(Belanger et al., 2009; Luethcke et al., 2011 ). Results of this study were in agreement
with previous research. Participants who experienced an mTBI demonstrated overall
lower performance on cognitive assessments when compared to controls. It was also
found that written discourse performance was related more to cognitive skills than
whether an mTBI was present.

Conclusions
An mTBI is a milder version of a TBI and mild cognitive-communication deficits
are seen after an mTBI is sustained. The mild cognitive deficits that are present after an
mTBI may relate to subtle differences in writing. Written efficiency and productivity
were the most sensitive discourse measures. The cognitive test that was most sensitive to
subtle changes after an mTBI was the Stroop interference time score. Important
relationships with discourse performance were found between time scores for the
FA VRES and Stroop interference task, and for the FA VRES Rationale score. These
relationships were most likely due to the working memory demands of these tasks.
While most tests did not significantly differentiate cognitive skills of an mTBI
from controls, subjective comments by participants indicated that they were having
cognitive difficulties that impacted activities related to school and everyday life. For
example, one participant explained that it was difficult to complete grocery shopping
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because of the struggle to concentrate, focus, and maintain attention. Several
participants also explained that writing was one of the most difficult tasks after returning
to college.
It should be noted that veterans attending college were not willing to self-identify
as having problems, and did not seek resources available at the university. Resources,
such as a college writing center and writing strategies, such as using an outline or
proofreading, would be useful for student veterans when writing papers. The EIU
Military Student Assistance Center, which the researcher used to recruit participants for
the study, would also be of use for this group of students with an mTBI to meet their
needs.

Limitations of Research
A small number of subjects and a lack of pre-morbid writing samples were
believed to be the primary limitations in the present study. Locating student veterans
who were willing to identify with a blast injury resulted in a small number of subjects.
Through questioning the student veterans who did participate in this study, it was found
that veterans who served in OND and who have now returned to college wanted to avoid
discussing the experiences they had while serving in the military. Additionally, these
student veterans were hesitant to identify their problems.
The lack of a pre-morbid writing sample for the participants was also problematic.
The level of college education among student veterans may have influenced the writing
skills seen in the samples collected. Students varied in the level of college education
obtained prior to when the discourse sample was collected, which may have influenced
written discourse skills.
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An additional limitation was that the use of total test scores may have masked
results of independent subtests that may have been informative. With small group
samples, even nonparametric statistics may not be reliable. The small group size limits
the generalization of results.

Future Directions of Research
Future directions of research should include a larger number of subjects. A larger
group of participants might yield more significant statistics. An interesting aspect of this
study was that participants reported cognitive symptoms that interfered with activities of
daily life. A closer look at these symptoms through a questionnaire such as the Behavior
Rating Inventory of Executive Function (BRIEF) may have provided more information

than what was gained from tests used in this study. In addition, an analysis of oral and
written discourse samples among student veterans with a blast injury could improve
understanding of the subtle deficits that may be present following a blast injury. To
facilitate these results, a pre-morbid writing sample that could be compared to a postmorbid writing sample would be beneficial.
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Appendix A
Institutional Review Board Approvals
January 29, 2014
Brittany Loomis
Communication Disorders and Sciences
Thank you for submitting the research protocol titled, "Written Discourse Performance
after Blast Injury" for review by the Eastern Illinois University Institutional Review
Board (IRB). The IRB has approved this research protocol following an expedited review
procedure. IRB review has determined that the protocol involves no more than minimal
risk to subjects and satisfies all of the criteria for approval of research.
This protocol has been given the IRB number 13-199. You may proceed with this study
from 1127/2014 to 1126/2015. You must submit Form E, Continuation Request, to the
IRB by 12/ 16/2014 if you wish to continue the project beyond the approval expiration
date.
This approval is valid only for the research activities, timeline, and subjects described in
the above named protocol. IRB policy requires that any changes to this protocol be
reported to, and approved by, the IRB before being implemented. You are also required
to inform the IRB immediately of any problems encountered that could adversely affect
the health or welfare of the subjects in this study. Please contact me, or the Compliance
Coordinator at 581-8576, in the event of an emergency. All correspondence should be
sent to:
Institutional Review Board
c/o Office of Research and Sponsored Programs
Telephone: 581-8576
Fax: 217-581-7181
Email: eiuirb@www.eiu.edu
Upon completion of your research project, please submit Form G, Completion of
Research Activities, to the IRB, c/o the Office of Research and Sponsored Programs.
Thank you for your assistance, and the best of success with your research.
Richard Cavanaugh, Chairperson
Institutional Review Board
Telephone: 581-6205
Email: recavanaugh@eiu.edu

65

WRITTEN DISCOURSE PERFORMANCE
Appendix B

Informed Consent Form
You are invited to participate in a research study conducted by Brittany Loomis, B.S. and Brenda
Wilson, Ph.D., from the Department of Communication Disorders and Sciences at Eastern Illinois
University.
Your participation in this study is entirely voluntary. Please ask questions about anything you do
not understand, before deciding whether or not to participate.

PURPOSE OF THE STUDY
The purpose of this study is to determine if there is a relationship between writing skills after a
soldier has sustained a blast injury during their duty and how written skills of a person with a
blast injury compare to a non-brain injured individual.

PROCEDURES
If you volunteer to participate in this study, you will be asked to complete a demographic
questionnaire, which will include medical, educational, and military history. You will also be
asked to complete the Stroop Test: Victoria Version, Repeatable Battery for the Assessment of
Neuropsychological Status, and the Functional Assessment of Verbal Reasoning and Executive
Strategies. Participants will then be asked to write about what is happening in the Butcher picture
taken from the Aphasia Diagnostic Profile. Assessments will be given at the Eastern Illinois
University Speech-Language-Hearing Clinic. Total time for completion will be approximately
two hours.

POTENTIAL RISKS AND DISCOMFORTS
There are no foreseeable risks or harm to participating in this research project.

POTENTIAL BENEFITS TO SUBJECTS AND/OR TO SOCIETY
There will be no direct benefit to the participants for participating in this study. Currently, there is
limited research on the effects of a blast injury on writing skills. The results of this study will
expand the knowledge about problems soldiers have after blast injury.

CONFIDENTIALITY
Any information that is obtained in connection with this study and that can be identified with you
will remain confidential and will be disclosed only with your permission or as required by law.
Confidentiality will be maintained by assigning each participant a number. Identification numbers
will be used on all test forms. Records will be accessible only to the researcher and the faculty
mentor.

PARTICIPATION AND WITHDRAWAL
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Participation in this research study is voluntary and not a requirement or a condition for being the
recipient of benefits or services from Eastern Illinois University or any other organization
sponsoring the research project. If you volunteer to be in this study, you may withdraw at any
time without penalty or consequences of any kind or loss of benefits or services to which you are
otherwise entitled.

IDENTIFICATION OF INVESTIGATORS
If you have any questions or concerns about this research, please contact:

Brenda Wilson, Ph.D., CCC-SLP
Communication Disorders and Sciences
Eastern Illinois University
600 Lincoln Ave.
Charleston, II 61920
Work phone: (217) 581-7452
Email :bmwilson@eiu.edu

Brittany Loomis, B.S.
2350 Bostic Drive, Apt. 204
Charleston, II 61920
Cell phone: (989) 670-0527
Email: bmloomis@eiu.edu

RIGHTS OF RESEARCH SUBJECTS
If you have any questions or concerns about the treatment of human participants in this study, you
may call or write:

Institutional Review Board
Eastern Illinois University
600 Lincoln Ave.
Charleston, IL 61920
Telephone: (217) 581-8576
E-mail: eiuirb@www.eiu.edu
You will be given the opportunity to discuss any questions about your rights as a research subject
with a member of the IRB. The IRB is an independent committee composed of members of the
University community, as well as lay members of the community not connected with EIU. The
IRB has reviewed and approved this study.

I voluntarily agree to participate in this study. I understand that I am free to withdraw my consent
and discontinue my participation at any time. I have been given a copy of this form.
Printed Name of Participant
Signature of Participant
Date
I, the undersigned, have defined and fully explained the investigation to the above subject.
Signature of Investigator

Date
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Appendix C
Medical/Demographic Form
Name _ _ _ _ _ _ _ _ _ _ _ _ _ _ _Primary informant _ _ _ _ _ _ __
DOB _ _ _ _ _ __

Age _ _ _ _ _ __

Sex _ _ _ _ __

Date of blast related brain injury (mTBI) (month & year) _ _ Age mTBI occurred_
Service Dates - - - - - - - - - - - - - - - - - - - - - - - - - - - Describe Situation mTBI Obtained - - - - - - - - - - - - - - - - - - - Prior head injuries _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Name of college attending _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Freshman _ _ Sophomore _ _ Junior _ _ Senior _ _ Other _ _ _ _ _ __
High School GP A _ _/ 4.00
Left handed - - -

Current GPA _ _~/ 4.00

Right handed _ __

Mother's education level:
_ Did not complete high school
_ Completed high school
_ Completed 2 year college program
_ Completed 4 year college program
_ Completed advanced degree

Racial/Ethnic Background:
White/Caucasian
African American
Asian
_ Hispanic or Latino
Mixed
Other_ _ _ _ __

School History:
History of learning (previous and current intelligence, previous and current class
placement/learning labels, and previous and current speech/language/reading/
emotional/behavior disorders) Provide dates.

Previous and current specialized services (therapies, resource help, etc.). Be sure to
include type of therapy and length of therapy. Provide dates.

Medical History:
Medical diagnoses and medications prior to mTBI. Provide dates.
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Check all symptoms experienced after exposure to blast.
_

Hearing after mTBI
Vision after mTBI
Loss of consciousness
_ mTBI diagnosis
_ Loss of memory of events
Muscle weakness
Poor balance
_Aneurysms
Dizziness
Ear infections
_ Ear drainage

_

_
_
_

Hospitalization after mTBI
CT or MRI done
Headaches
Confusion
Disorientation
Slowed thinking
Paresis/plegia
Hemorrhages
Convulsions
Seizures
Other - - - - - - -

Course of hospitalization treatment (types, natures, and intensities of therapies, including
sensory stimulation program in speech-language therapies, include pertinent diagnoses).
Provide dates.

Status at discharge (recommended follow-up medical procedures and therapies, medication).

70

WRITTEN DISCOURSE PERFORMANCE
Appendix D
Reported Injury Information

Hearing Loss/Tinnitus

Pl

P2

P3

P4

x

x

x

x
x
x
x

x

x
x
x

Vision Loss
Headaches
Muscle Weakness
Poor Balance
Dizziness

x
x

Disorientation
Loss of Consciousness
Slowed Thinking

x
x

Loss of Memory of Events

x

Ear Infections

x

Confusion
CT or MRI Done
BI Diagnosed

x
x

x
x

x

x
x

Hospitalized
Treatment Provided
Medical Referral Made

x
x
x
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Appendix E
Hearing Screening and Tympanometry
500Hz

1000 Hz

2000 Hz

3000 Hz

4000 Hz

Volume
0.9-2.0
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R
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+
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+

+
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A
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+

+

+

+

+

1.22 ml
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+

+

+

+

+

1.32 ml
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A

R

+

+

+

+

+

1.39 ml

-3 daPa

1.30 ml*

A

L

+

+

+

+

+

0.74 ml*

-40 daPa

2.21 ml*

Ao

R

+

+

+

+

+

0.87 ml
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2.43 ml*

Ao
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+

+

+
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+
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Note: L= Left; R= Right; Hz= Hertz; P= Participant; C=Control; + =Signal heard; =Signal not heard; ml= Milliliter; daPa= Dekapascal;
delivered at 20 dB.

*=

Abnormal. All signals were
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Appendix F
Butcher Picture Stimuli

fi

I
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Appendix G
Written Discourse Results for all Participants and Controls
Productivity

Efficiency

Local Coherence

Global Coherence

Pl

6.00

15.33

2.00

3.00

P2

6.00

9.83

3.00

5.00

P3

11.00

8.73

5.00

5.00

P4

4.00

11.25

3.00

4.00

Cl

12.00

14.00

5.00

5.00

C2

6.00

17.07

5.00

5.00

C3

15.00

13.93

5.00

5.00

C4

7.00

20.00

4.00

5.00

WRITTEN DISCOURSE PERFORMANCE

74

Appendix H

Test Scores for all Participants and Controls
StrOOQ Time

RB ANS

F Accuracy

F Rationale

FTime

F Reasoning

Score
Pl

22

89

70*

89

115

90

P2

24

69*

60*

46*

126

90

P3

26*

90

60*

39*

105

76*

P4

23

87

70*

82*

126

87

Cl

19

94

111

111

107

93

C2

19

86

60*

97

126

83*

C3

20

88

91

60*

94

87

C4

18

102

81*

89

105

76*

Note: RBANS= Repeatable Battery for the Assessment of Neuropsychological Status;
F= Functional Assessment of Verbal Reasoning and Executive Strategies; *=Below
normal limits.

